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of Technology, 2 George St, Qld, Australia 
ABSTRACT  
Interpretations of source contributions and the behaviour of particles in the urban atmosphere of 
Brisbane were made by comparing the results of elemental analyses with the measured meteorological 
conditions, PM10, light scattering, gaseous pollutant concentrations and particle size distributions.  
Carbon was determined to be the most abundant element in the fine particles. Although many of the 
other elements in the greater relative abundances are usually associated with natural origins, the major influence 
resulting in changes to fine particle mass was concluded to be by elements from anthropogenic sources. This 
conclusion was based on the significant positive relationships between the anthropogenic elements (eg., Pb, Br, 
C, Ti, V, Mn etc.) with the fine particle mass. The major influence on the PM10 mass concentrations was 
determined to be the elements usually associated with natural origins such as Na and Cl. In addition, the positive 
relationship of submicrometre particle number concentrations with fine particle carbon and with vehicular 
emitted gaseous species including NOx and CO implied a significant contribution of vehicle exhausts to 
aerosols in this size range. 
Key Words: Fine particulate aerosols, submicrometre particles, supermicrometre particles, elemental 
characterisation  
 
INTRODUCTION 
With the increasing understanding of the impacts of airborne particulate matter on human health and 
the environment, and with the developments in the instrumentation for detection and analyses of particle nature, 
the focus of the research has been shifting from investigations of total mass and composition of the particles 
towards its size selected fractions, and in particular towards smaller and smaller fractions. It has been 
recognised that in terms of potential health effects it is the smallest particles than can penetrate to the deepest 
parts of the respiratory tract, and in terms of environmental effects, it is the particles below 1 μm, that are of the 
order of the wavelengths of visible light, that can scatter light most efficiently and can affect both visibility and 
atmospheric energy balance. The importance of particle size has also been highlighted by the animal studies of 
Oberdorster et al. (1995) that have demonstrated a stronger physiological effect of ultrafine particles (< 0.1 µm 
diameter) than the same mass of coarse particles (> 2.5 µm diameter).  In addition, the work of Schwartz et al. 
(1996) demonstrated a stronger relationship between air pollution and daily mortality for PM2.5 (or fine 
particles) than for coarse particle mass in six U.S. cities. Knowledge of the chemical composition of size-
fractionated particles is critical to assessing any health effects that the particles may cause, and to quantifying 
the degree of light scatter from the particles.  
The most important findings from a number of studies aimed at the chemical characterisation of 
smaller fractions of ambient particles are briefly summarised in Table 1.  
While all the reported studies show the same general trends of distribution of elements originating from 
different sources, in the majority of the studies the elements were found in different mass ratios in the different 
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size fractions. In addition, the studies including more size fractions reported even greater variations in the ratios 
between the size fractions. To add further complexity to the issue, the elemental mass size distribution is likely 
to change with the time of day and at a distance from emission source. It is evident from the reviewed literature 
that extremely limited information regarding aerosol source profiles may be derived from the elemental analysis 
of aerosol samples for total suspended particles or PM10, illustrating the need for data on the elemental 
composition of size fractionated aerosols.  
In Brisbane, Australia, very limited chemical information exists for size-fractionated aerosols. A study 
of the chemical composition of PM10 aerosol samples at five sites (suburban, urban, heavy industrial, light 
industrial and a mixed industrial/residential site) and PM2.5 at the suburban site was performed in the period 
between 1993 and 1995 (Chan et al., 1997). The analysis showed that elemental carbon, organics, Pb, Br and 
sulphate were the major components in the fine fraction while sea salt and crustal components occupied most of 
the coarse fraction at the suburban site. The researchers found that, in the absence of a dominant local source 
such as road traffic, the levels of chemical and elemental components in PM10 from anthropogenic sources (eg., 
Pb, elemental carbon and organic matter) determined at the suburban site were similar to those determined at 
sites in heavy industrial and commercial/light industrial areas. The anthropogenic emissions were therefore 
concluded to be evenly and widely distributed in Brisbane. Additional research involving chemical analysis of 
aerosol samples collected at the industrial/ residential site size fractionated into six size fractions smaller than 10 
μm, revealed that the composition of the < 1.3 μm aerosols was significantly different to that of the > 1.3 μm 
aerosols (Chan et al., 2000). The mass concentrations of chemical components related to human activities were 
bimodal and vehicular exhaust components contributed almost all of the mass of particles < 0.61 μm. Further, 
the level of contribution of motor vehicle and industrial activities to this size fraction (diam. < 0.61 μm) was 
determined to be much higher than that observed in the previous study at the suburban site. This illustrates the 
limitations involved in making interpretations on source profiles based solely on PM10, such as those of the 
suburban site study by the same researchers in 1997. 
The aim of the work presented in this paper was to analyse the experimental results on elemental 
composition of particles in both size fractions and to interpret the findings in terms of source contributions and 
the behaviour of particles in the air. The interpretations were made by comparing the results of elemental 
analyses with the measured meteorological conditions, PM10, light scattering, gaseous pollutant concentrations 
and particle size distributions.  
 
EXPERIMENTAL 
Air monitoring site 
The long term monitoring program was conducted at the Air Monitoring and Research Station (AMRS) 
located on the 6th level of a building in the QUT Gardens Point Campus located in the inner city of Brisbane. A 
detailed description of sampling site and of the meteorology, topography and established pollution sources and 
trends in Brisbane has been provided elsewhere (Morawska et al., 1998).  
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Properties monitored and samples collected 
In addition to the conventional gaseous (O3, SO2, NOX and CO), particulate (PM10 and light scattering) 
and meteorological monitoring (wind speed, wind direction, humidity and temperature), the AMRS also 
incorporates the measurement of fine and coarse particles in the size ranges 0.016 to 0.7 μm using a Scanning 
Mobility Particle Sizer (SMPS) and 0.7 to 30 μm using an Aerodynamic Particle Sizer (APS). A description of 
the operating procedures of the instruments have been provided elsewhere (Morawska et al., 1998).  
  For measurements of fine particle (FP) mass and for the determination of the atmospheric 
concentrations of elements in the FP size range, air was drawn through a cyclone, removing the particles with 
aerodynamic diameter larger than 2.5 μm, and collected onto teflon filters.  
The majority of the samples for submicrometre particle elemental analyses were collected through a 
short sampling tube at a flow rate of 0.865 l min-1 in the size range from 0.008 to 0.36 μm onto teflon filters 
using the SMPS system. The airborne particles were collected for a variety of sampling periods, all longer than 
2 hours. The relatively small flow rates resulted in a minimum of only ~ 0.05 m3 of air being sampled through 
the filters. With such a small sample volume and thus small amounts of material available for chemical analyses 
it was essential that ultra-trace level procedures were employed for sample collection and for the analyses as 
described by Thomas and Morawska (2002).  
 
Monitoring and sampling procedures 
 Measurements of O3, SO2, NOX and CO, light scattering, PM10 and various meteorological parameters 
are conducted on continuous basis.  
 Between September 1995 and December 1997, the SMPS and APS instruments were used for regular 
“grab sampling” of number size distributions in triplicate every day at 9:30 am and 4:30 pm. Since January 1998 
the instruments have been used to collect number size distribution around the clock at hourly intervals. 
Samples for PM2.5 analysis were collected for a period of 24 hours on the Sunday and Wednesday of 
each week. 
The sampling of the submicrometre particle onto filters for chemical analysis was conducted on a 
campaign basis. Many of the samples were collected during different air quality and meteorological conditions 
that were displayed by specific features in the number size distribution, such as multiple peaks or variations in 
peak locations. It was intended that the broad spectrum of atmospheric phenomena resulting in varied number 
size distribution was therefore sampled and analysed. 
 
Chemical analyses 
Fine Particles (FP) 
Elemental analyses of PM2.5 samples for C, H, Na, Al, Si, P, S, Cl, K, Ca, Ti, V, Cr, Fe, Mn, Co, Ni, 
Cu, Zn, Br and Pb were conducted by ion-beam techniques at Australian Nuclear Science and Technology 
Organisation (ANSTO), with all elements analysed by Particle Induced X-ray Emission (PIXE) except for H 
(measured by Particle Elastic Scattering Analysis), Na (by Particle Induced Gamma-ray Emission and C (Laser 
Integrated Plate Technique). The PM2.5 mass was determined by weighing at constant temperature (250C) and 
humidity (50%). Details of the techniques and statistical errors associated with each element can be found 
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elsewhere (Cohen et al., 1993). Larger errors are associated with V, Co, Ni and Cr since the levels of these 
elements are close to their minimum detection limits. 
 
Submicrometre particles  
The membrane filters used for the collection of the submicrometre particle (0.008 to 0.36 μm) matter 
were transferred with Teflon tweezers to closed PTFE decomposition vessels (bombs) where they were digested 
with 5 mL nitric acid (10 % v/v) at 80 psi and 100 % power for 120 min. in a MDS-2000 microwave digestion 
unit (max. power 650 W). Analysis for all elements was performed by Inductively Coupled Plasma – Mass 
Spectrometer as described by Thomas and Morawska (2002). Larger errors are associated with Ca, Co, Ni, Cu 
and Se since the levels of these elements are close to their minimum detection limits. 
 
Data analysis 
The correlation coefficients (r) used in the study correspond to Pearson-product moment correlations. 
All of the coefficient calculations are based on pairs of data with at least 100 datum points. Therefore, the 
correlation was considered significant at the 99 % confidence level if |r| > 0.25. 
 
RESULTS AND DISCUSSION 
A summary of the FP mass and elemental concentrations, submicrometre (0.01 to 0.7 μm) and 
supermicrometre (0.7 to 30 μm) particle number concentrations and statistics, and submicrometre particle (0.008 
to 0.36 μm) elemental concentrations for the period between April 95 and July 99 is presented in Tables 2a, 2b 
and 3. A discussion of the significant features of these data is provided below. 
 
Fine particle mass and elemental concentrations 
The mass of measured elements represent on average 55% of the total measured PM2.5 mass (range 
1260 to 54000 ng m-3 – see Table 2a) with the most abundant element, C ranging in concentration from 375 to 
15000 ng m-3 representing about one third of the total mass measured for the PM2.5. The maximum levels of C 
were often recorded during the August months (eg., 11400 ng m-3 on 23/8/95 and 15000 ng m-3 on 14/8/96). The 
average concentrations of many of the other elements were relatively low compared with the maximum 
concentrations of those elements, illustrating the episodic events that resulted in the elevated concentrations. For 
example, the average concentrations of the elements such as Al and Si were determined to be 40 and 87 ng m-3 
respectively while the concentration levels of these elements ranged from 2 to 925 ng m-3 and 8 to 1786 ng m-3  
(the upper values measured on 7/6/98).  In the case of each of these elements the majority of the concentrations 
were of the order of their respective averages.  
While not as concentrated as the above elements, various other elements also display a similar 
characteristic of lower average concentrations but episodic events of elevated concentrations. For example 
average concentrations of elements such as Ni and Cu (0.6 and 5.3 ng m-3, respectively) are also relatively low 
compared with their maximum values of 9.4 and 118 ng m-3, respectively.  The elevated concentrations of these 
elements are also only measured infrequently and the majority of the concentrations are of the order of the 
averages. Several elements do not show such a large variation in concentration levels. For instance, the 
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measured concentration levels of Pb varied between 3 and 323 ng m-3 with the average of 64 ng m-3. The 
concentration levels for Pb were evenly spread about the average, with the maximum values only about five 
times higher above the average, reflecting the continuous presence of this element in the atmosphere. 
PM2.5 studies by Huo et al. (1998) have determined similar levels of many of the elements measured in 
an inner Sydney location (eg., C ~3250 ng m-3 at Macquarie University) similar to the inner city urban type 
locations of the Brisbane sampling site. In fact, the highest value recorded for C at the inner Sydney location of 
Mascot (20000 ng m-3) is of a similar order of magnitude to that measured in Brisbane (15000 ng m-3), despite 
the large population difference between the two cities (i.e., ~1 million at Brisbane and ~4 million at Sydney). 
Comparison of concentrations of various elements contributing to PM2.5 measured in Brisbane with 
those measured in urban sites at Gent (Maenhaut et al., 1996) and Vienna (Horvarth et al., 1996) shows 
similarity of levels for many of the elements including Si, Cl, K, Ca, Ti, Cr, Mn, Fe, Cu and Zn. Some elements 
were present in higher concentrations at both of the European locations (eg., S, V, Mn and Ni), but Pb and Br 
were present in higher concentrations at the Brisbane site.  
 
Submicrometre and supermicrometre particle number concentrations 
Greater than 99% of the particles by number are found in the submicrometre particle size range 
illustrated by the average concentrations for both of the sized ranges examined (1 x 104 particles cm-3 for 
submicrometre and 3 particles cm-3 for supermicrometre particles). This is in accordance with the levels 
measured in urban areas by other researchers (e.g., Trier, 1997; Tuch et al., 1997).  
 
Submicrometre particle elemental concentrations 
Of the elements determined in the submicrometre particle size range, Pb is the most abundant element 
with an average concentration of 142 ng m-3 ranging from 12 to 384 ng m-3 (see Table 2b). As was the case for 
many of the elements measured in the PM2.5 there is a variation in the concentration levels of the elements 
measured in the submicrometre particle size range (eg., for Ca, Ti, Fe, Ga, Sb and Ba). The short sampling time 
(~ 2 hrs) employed for the majority of the submicrometre particle collection allows temporal variations in the 
element levels to be measured. As a result, the variations in the concentration levels of the elements in the 
submicrometre particle are large.   
Metal concentrations measured here can be compared with, for example, the concentrations measured 
in the size ranges 0.069 – 0.34 μm in Long Beach, Ca. of 1987 as derived from the results presented by Cahill et 
al. (1996) and presented in Table 4. It can be seen that the concentrations of the elements at the Brisbane site are 
of the same order as those measured at Long Beach.  
 
Correlation with other parameters 
Correlations that were found to be significant between the concentration of metals in the FP fraction 
and mass concentrations, submicrometre and supermicrometre particle number concentrations, submicrometre 
and supermicrometre particle size distribution NMD, meteorological conditions and measured other pollutants 
concentrations or indicators (CO, NOx, SO2, O3, Bsp and PM10) are discussed in this section. Interpretations of 
these relationships are provided in the preceding section. 
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PM2.5 mass correlated with all FP elements with the exception of Na and Cl (r = 0.17 and –0.06). The 
best correlation was found with H and C, of r = 0.96 and 0.81 respectively. PM2.5 mass also correlated with the 
gaseous species including NOX and CO (r = 0.46 and 0.4 respectively). The visibility reducing aerosols also play 
a major role in the composition of PM2.5 illustrated by a significant correlation with Bsp (r = 0.81). The 
submicrometre particle number concentrations are correlated with C (r = 0.31). 
FP concentrations of Ti, V, Cr, Mn, Fe, Pb and C and to a lesser extent Co, Ni and Cu, have highly 
positive relationships (r > 0.3 in each case). In addition, Zn correlates with Cr, Mn, Cu and Br; and Br with Cr, 
Mn, Fe, Pb and C. There is also significant correlation between many of these elements and NOX, SO2 and CO.  
The influence of wind speed on the atmospheric concentrations of FP elements including Ti, V, Cr and 
Pb is reflected in the negative correlation of this parameter with the concentration of these elements (calm 
conditions are more likely to result in higher concentrations). On the other hand, a positive correlation existed 
for the Na and Cl elements indicating that higher concentrations of these elements are more likely to occur 
under stronger wind conditions. 
H also exhibits significant correlations with most of the measured FP elemental concentrations (Al, Si, 
P, S, K, Ca, Ti, V, Cr, Mn, Fe, Zn, Br, Pb and C) and also correlates with the PM2.5 mass (r = 0.38). In addition, 
a significant correlation exists for the submicrometre particle volume concentration indicating that H an increase 
in submicrometre particle volume is usually accompanied by an increase in H ion concentration. 
Na correlates with Cl, wind speed and PM10 (r = 0.65, 0.39 and 0.43, respectively). Al, Si, Ca and Fe (r 
> 0.9 in all cases) and to a lesser extent Ti (r ~ 0.7) are all correlated, indicating that these elements originate 
from the same sources and exist in the atmosphere under similar conditions. Other elements that correlate with 
this group include Cr, Mn, Co, Ni, Cu and C (0.3 < r < 0.5). 
The measure of visibility reduction (Bsp) is correlated with such elements as Pb and Br. PM10, 
however, correlates better with Ti, Mn and Fe implying that these elements are present in the larger particle 
sizes.  
 
General interpretations of source contributions  
The most abundant element determined in the FP fraction is C (averaging ~34 % of PM2.5 mass) 
followed by a group of elements including: S, H, Cl, Na, Si and K (~ 5.3, 3.7, 2.7, 2.5, 1.1 and 1.1 %, 
respectively). Different sources contribute to the presence of these elements in the air. C, S and Cl have been 
associated with fossil fuel combustion, with C originating principally from incomplete combustion while Cl 
from wood burning processes and from PbClBr emitted from vehicle exhaust (Watson et al., 1994). Wood 
burning processes also result in the generation of Na and K (Mateu et al., 1995; Chan et al., 1997; Borberly-Kiss 
et al., 1999). The absence of heavy industry (power stations etc.) in Brisbane implies that S, present in the form 
of sulphate ions, is likely to arise from oxidation/hydration of SO2 emitted during the combustion of fossil fuel 
(Huo et al., 1998). Some of these elements originate from other processes as well and in particular marine 
aerosols contain Na, Cl, S and K.  The sampling site is ~ 20 km inland but the relatively high abundance of these 
elements for extended periods is indicative of the influence of on-shore winds that carry the salt aerosols. K and 
Si are also major components of soil and may therefore be brought by winds from inland areas where it they are 
entrained into the air columns (Maenhaut et al., 1996). 
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The concentration of many of the elements that were present in the highest abundances in the FP 
fraction, and that are associated with natural processes such as, for example, marine aerosol generation or soil 
dispersion did, however, not correlate with PM2.5 mass (eg., Na and Cl). This implies that anthropogenic 
processes also significantly affect the PM2.5 mass concentration.  This conclusion is further supported by the 
significant correlation of PM2.5 mass with C and with vehicular emitted gaseous species including NOX and CO. 
The submicrometre particle number concentrations are also correlated with C and it is therefore concluded that 
the dominant contributor to submicrometre particle is C and thus the products of vehicle emissions are also a 
significant contributor to the particles in the submicrometre size range in the region. 
The role of anthropogenic emissions (specifically combustion products of oil), and a similarity in 
source type, in the production of FP Ti, V, Cr, Mn, Fe, Pb and C and to a lesser extent Co, Ni and Cu, is evident 
in the positive significant relationships of these elements in the FP size range. The significant correlation of 
many of these elements with NOX, SO2 and CO also reflects the anthropogenic emission sources that contribute 
to the levels of these elements in the FP in the atmosphere.  
The influences of wind speed on the FP atmospheric concentrations of the anthropogenic elements such 
as Ti, V, Cr and Pb is reflected in the negative correlation of this parameter with the concentration of the 
elements. This means that calm conditions, are more likely to result in higher concentrations of anthropogenic 
elements present in the FP fraction. On the other hand, concentrations of Na and Cl display positive correlation 
with wind speed reflecting the increased contribution of sea salt to FP under the conditions of stronger winds. 
Stronger winds result in generation of marine aerosol by their action on the surface layer of the ocean waters and 
then transport the aerosol inland.  
In addition, while Na and Cl display significant positive correlation with PM10, Pb and Br do not 
display any correlation. It can be concluded, then, that the presence of FP elements of marine origin will 
contribute significantly to the PM10 mass, while the elements from anthropogenic sources do not, indicating that 
marine aerosols are a major contributor to PM10 in this region. PM10, therefore, is not as significantly influenced 
by the anthropogenic sources as it is by the marine aerosol components. This has important ramifications for 
developing ambient air quality standards based on PM10 designed to control air quality in urban areas. 
The K sources in the region appear to be mostly related to the vegetation burning processes that are 
routinely performed in the southeast Queensland region. Investigations by Chan et al. (1997) also concluded that 
significant events of K levels that occurred during the spring months were associated with biomass burning. The 
relationships of the concentrations of this element with V, Cr, C and Bsp further support this conclusion. V and 
Cr are most likely derived from the dispersion of the soil during the burning, E.C from the combustion process 
itself, and Bsp is affected by the smoke plumes carried across the city by the drainage flows.  
The measure of visibility reduction (Bsp) is also best correlated with such elements as Pb and Br. This 
implies that motor vehicle combustion processes are more likely to influence this process than any other 
sources. PM10, however, correlates better with the other elements as described above and also with Ti, Mn and 
Fe implying that these elements are present in the larger particle sizes, that contribute more to the mass of PM10, 
either because originating from natural mechanical sources or from highly inefficient combustion processes. 
Of the elements analysed in the both FP and submicrometre particle fractions, Ca, Cr, Fe, Zn, Ni, Ba, 
and Pb are in greater abundances in the submicrometre particle. An explanation for the greater abundances of 
these elements in the submicrometre particle may be derived from the research of Ristovski et al. (1999) who 
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conducted ICP-MS and STEM (Scanning Transmission Electron Microscope) analyses of various elements 
present in submicrometre particles obtained from petrol exhaust of spark ignition vehicles from the local 
Brisbane motor vehicle fleet. Ca, Fe and Zn were found to be the most abundant elements in petrol exhaust, 
followed by relatively highly abundant elements of Ba, Cr, Ni and Pb. Analyses of engine oil commonly used in 
the city showed similar elemental abundances to those identified in the vehicle exhaust. The presence of these 
metals in the submicrometre particle size fraction of the urban atmosphere of Brisbane may therefore be 
attributed to burned and unburned fractions of the lubricating oils used by petrol vehicles. 
Another element that was found to be in greater abundance in the submicrometre particle than in the FP 
was V. It is found in some crude oils as porphyrin complexes and its presence in the submicrometre particle can 
be attributed to its oil combustion sources. Rizzio et al. (1999) also found high abundances of V derived from 
vehicle combustion. 
 
Interpretations of source contributions during specific pollution events 
Episodes of elevated FP elemental concentrations were targeted for further investigations using the 
interpretation of submicrometre particle size distributions, of pollutant indicators (CO, NOx, SO2, O3, Bsp and 
PM10) of meteorological conditions and where possible, comparison with submicrometre particle elemental 
concentrations. 
• Episode 1: Biomass burning 
Light northerly winds predominated on the 15/8/96 and elevated concentrations of PM2.5 mass, 
submicrometre particle number concentrations, C, H, Ca, K, Na and V were measured on this day. The 
concentrations of these elements were of the order of at least 5 times the average concentrations recorded for 
entire duration of the study. In addition, visibility on this day was very low. However, the concentrations of 
elements, such as Pb and Br, and of the pollutant indicators CO and NOx were not high indicating that vehicular 
combustion sources were not major source contributors to the aerosols sampled on this day. In fact, this day was 
characterised by a smoke plume from vegetation burning in the outer Brisbane suburbs carried by the light 
northerly winds blanketing the inner city. The number size distribution measured on this day is presented in 
Figure 1. A peak is located in the distribution at larger diameters than usually encountered in aerosols sampled 
at the AMRS. For example on the 15/8/96 a broad peak dominates the distribution with the centre at ~ 0.08 μm. 
The increased FP masses may be explained by the greater number of particles at larger diameters than are 
typically observed in the number size distribution at the urban site. The high C concentration is also indicative 
of the vegetation burning. Although much of the Ca and Na in the region is typically derived from marine 
aerosols, under conditions such as those encountered on this day (northerly winds and vegetation burning in the 
suburbs), higher levels of Ca of Na are measured indicating the presence of the smoke source. Increased levels 
of V and K in the atmosphere have also been attributed to vegetation burning sources in the literature (Chan et 
al., 1997). 
 
• Episode 2: Prolonged haze period 
The period 6/5/98 to 24/5/98 was characterised by very light winds during the entire period (~ 0.5 m s-1) 
and a visible haze enveloping the city.  
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6/5/98 - On the 6/5/98 strong westerlies (from inland sources) with some southerly component (freeway 
influenced) dominated for much of the day. These winds were accompanied by light rain and were lighter in the 
early hours of the morning before the rain stopped and the winds steadily strengthened to ~ 1.5 m s-1 by mid-
afternoon and weakened again by early evening. The pollutant indicators – NOX, CO and PM10 followed the 
same trend but were not excessively high compared with their respective yearly averages. Elevated elemental 
concentrations of Si and Cr were also recorded reflecting the nature of the sources with soil dispersion from 
inland sources a possible influence. Higher submicrometre particle levels of Be, V, Zn and Cu also reflect that 
the aerosol is well mixed and the result of varied source influences, some also generating aerosols with larger 
diameters. Light rain that fell in the morning may explain the reduced number of particles and the reduced 
influence of the freeway emissions on the vehicle combustion related element levels (eg., Pb and Br) in the FP 
size range. However, the influence of the freeway sources is visible in the location of the peak at ~0.025 μm  
(see Figure 1) in the number size distribution. The fact that the peak is broad further illustrates that the aerosol is 
well mixed and from a variety of sources.  
10/5/98 - On the 10/5/98 the winds were much lighter but more erratic in direction alternating between 
southerly and northerly for much of the day. The influences of a variety of sources from different directions are 
indicated by the large number of elements measured at high concentrations on this day (Al, Ca, Ti, V, Cr, Fe, 
Co, Ni, Cu, Br). The elevated concentrations of some crustal elements (eg., Al and Cr) may be derived from 
natural sources such as soil dispersion (Chow et al., 1994; Rizzio et al., 1999) in aerosols most likely carried in 
by the northerly winds. Other elements may have anthropogenic origin from sources such as vehicular exhaust 
(Co, Ni, and Br) in aerosols carried in by the southerly winds from the freeway or incinerator emissions (Cu), 
reflected in the elevated concentration levels of these elements (Ristovski et al., 1999; Maenhaut et al., 1996). In 
addition, many of these elements may have sources from both categories (eg., Fe, Ca, Ti and V).  The 
multiplicity of sources and the influences of both freshly generated and aged aerosols are further illustrated by 
the number of peaks or inflections visible at 0.01, 0.03, 0.05 and 0.1 μm in the number size distribution (see 
Figure 1). 
13/5/98 - On the 13/5/98 light southerly winds dominate in the morning and in the afternoon the winds 
strengthen to westerlies. The trend in the levels of the pollutant indicators (NOX, CO and PM10) for this day 
illustrates the influences of the vehicular combustion related aerosols carried from the freeway by the southerly 
winds and elevated in the morning but reduced in the afternoon when the stronger westerly winds prevail.  
Elevated concentrations of Al, Si, Ca, Ti, Fe, Br were recorded for 13/5/98. The presence of Ti, Ca, Fe and Br 
reflect the influences of the freeway emissions and the elevated concentrations of Al and Si may reflect the 
influences of the westerly winds carrying aerosols from inland sources such as soil dispersion. The number size 
distribution (see Figure 1) sampled on this day were similar in shape to that of the 6/5/98 and similar 
conclusions may be drawn. The peak located at 0.02 μm illustrates the dominating influences of the freeway 
emissions. However, the width of the peak infers that the aerosol is well mixed and potentially from a variety of 
sources. 
20/5/98 - Westerly winds that weaken by late afternoon dominate the meteorological conditions on the 
20/5/98. NOX and CO concentration levels increased throughout the day as the winds weakened indicating that 
the vehicular combustion related aerosols were more dominant under calmer conditions. The winds are expected 
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to carry in aerosols from sources including vehicular combustion and also inland sources such as soil dispersion 
and the elevated levels of many elements (Si, Ca, Ti, Cr, Mn, Fe, Co, Ni, Br) reflects the variety of sources. The 
similar elements measured at elevated concentrations with the 13/5/98 and to some extent the 6/5/98 are 
indicative of the similar meteorological conditions (ie., the prevailing westerly winds) on all of the days. 
However, the lack of a southerly component on the 20/5/98 can be seen in the comparison of the number size 
distribution from all three days. The width of the peak in the number size distribution of the 20/5/98 is much 
greater (see Figure 1) reflecting that the aerosol is better mixed and more aged than the previous two days. 
Furthermore, the shift of the peak to a larger diameter (~ 0.035 μm) illustrates the reduced influence of the 
vehicular combustion aerosols and the increased influence of the inland derived aerosols. 
24/5/98 - This day was characterised by southerly winds in the morning increasing in strength to westerlies 
by the afternoon. CO, NOX and PM10 concentration levels were all higher than average in the morning, which 
illustrates the strength of the vehicular combustion sources.  Elevated concentrations for PM2.5 mass, and FP Al, 
Ca, Si, Ti, V, Mn, Fe, Co, Cu, Ni, Cr, Br were also measured on 24/5/98 and many of these elements may be 
attributed to the vehicular combustion sources (eg., Ca, Fe, Ti, V, Mn, Co, Cu, Ni, Cr and Br). Increased levels 
of some of these elements in addition to other crustal elements are again a feature of the day’s measurements 
due to the stronger westerlies in the afternoon. A peak centred at ~ 0.02 μm dominates the number size 
distribution measured on this day (see Figure 1), but in this case it is much sharper than the peaks from number 
size distribution measured on the previous days reflecting a more dominant influence of the vehicular 
combustion sources. 
 
• Episode 3: Marine aerosols 
Very strong easterly winds were a characteristic on the 15/10/95 and these winds are expected to bring the 
marine aerosols from the nearby coastline to the sampling site. On this day periods of elevated O3 and PM10 
levels were recorded in the afternoon. Elevated levels of Na and Cl were also recorded on this day due to the 
presence of the marine aerosols. No other elements are present in high concentrations. In fact, they are very low. 
This is reflected in the low particle number concentrations of the submicrometre particle. The appearance of the 
broad peak at ~ 0.2 μm in the number size distribution (see Figure 1) is indicative of the cloud processing of the 
coagulating nuclei mode aerosol that shifts particles of between 0.05 – 0.1 μm and larger up to diameters of ~ 
0.2 μm.  
 
• Episode 4: Vehicular exhaust aerosols 
Light southerly winds prevail throughout the day on the 2/7/97. These winds are expected to carry aerosols 
strongly influenced by vehicle exhaust from the freeway to the south of the sampling site. On this day extremely 
high NOX, CO, Bsp and PM10 compared with the yearly averages were recorded late in the evening.  Elevated 
concentrations of Pb and Br episodes were also recorded reflecting the influence of vehicle exhaust from the 
freeway. A sharp peak in the number size distribution from this day is located at ~ 0.02 μm (see Figure 1) 
further illustrating a very strong influence of fresh vehicular emission aerosols on the samples collected at the 
AMRS on this day. 
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CONCLUSIONS 
This study has investigated the elemental composition of fine and submicrometer particles at an urban 
site in Brisbane. In addition, various aspects of number size distributions in the particle size range 0.01 to 30 μm 
have been investigated. By comparison of the data sets and relations with measured meteorological conditions 
and the pollutant concentrations and indicators; the following interpretations of the levels, sources and 
behaviour of the aerosols at the site have been derived: 
• Elemental carbon was determined to be the most abundant element determined in the fine particles. 
Although many of the other elements in the greater relative abundances are usually associated with natural 
origins, the major influence on fine particle mass was concluded to be by elements from anthropogenic 
sources. This conclusion was based on the significant positive relationships between the anthropogenic 
elements (eg., Pb, Br, C, Ti, V, Mn etc.) with the fine particle mass.  
• The major influence on the PM10 mass concentrations was determined to be the elements usually associated 
with natural origins such as Na and Cl. This conclusion was supported by the significant relationships 
displayed between these elements and PM10 that was not evident for elements of anthropogenic origin and 
PM10. 
• For the elements measured, the submicrometer particles were determined to be mostly composed of 
elements from vehicle exhaust sources. In addition, the positive relationship of submicrometer particle 
number concentrations with fine particle carbon implied a significant contribution of vehicle exhausts to 
aerosols in this size range. 
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Table 1: Summary of findings for studies aimed at chemical characterisation of smaller fractions of ambient 
particles 
 
Site Size fraction Major Findings Author(s) 
40 sites in 
metropolitan Los 
Angeles, USA 
Fine and coarse 
particles 
• NO3, SO4, and O.C. and E.C. were 
most abundant in fine particles. 
• The coarse particle fraction was 
enriched with soil-related elements 
(e.g. Al, Si, Ca, Fe) at the inland sites 
and with marine-related elements (e.g. 
Na, Cl) at the coastal sites. 
Chow et al., 1994 
24 sites within 
200km of 
Sydney, 
Australia. 
Fine particles • Pb and Br correlated and from 
automobile exhausts 
• S and P correlated and from coal 
combustion 
• Soil components correlated 
between sites 
Huo et al., 1998 
Urban residential 
region in Gent, 
Belgium 
Fine (<2 μm) and 
coarse (2 to 10 μm) 
• Crustal and sea salt components 
predominantly associated with coarse 
particles 
• Br, I and anthropogenic elements 
dominated fine particles including: 
- V and Ni associated with residual oil 
burning; 
- Br and Pb with automotive exhaust; 
- K, Cu and Zn with incinerator 
emissions 
Maenhaut et al., 
1996 
1 low-residential 
site in Dayalbagh, 
Agra, India 
situated within 
2km of a highway 
and industry 
Mass size 
distributions 
• Size distributions of NH4, Cl, 
NO3, K, Ca, Mg, SO4 and Na were all 
bimodal 
• NH4, K, and SO4 dominated in the 
fine particle mode 
• Cl, NO3, Ca, and Mg dominated in 
the coarse particle mode, 
• Na was distributed evenly 
between the two modes 
Parmar et al., 
2001 
Commercial 
residential site in 
Central Jakarta, 
Indonesia 
Mass size 
distributions 
• The smallest particles (< 0.95 μm) 
had the highest total metal 
concentrations 
• Ca, Si and Al were found to have 
very similar relative concentration 
patterns across all particle sizes 
reflecting similar sources of crustal 
origin 
• Pb and Zn, had far greater 
concentrations in the smallest particle 
size stage (< 0.95 μm) and were 
concluded to be from anthropogenic 
sources 
Zou and Hooper, 
1997 
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Table 1: contd… 
 
Site Size fraction Major Findings Author(s) 
Two residential 
sites in Los 
Angeles, USA 
Mass size 
distributions 
• Fe size distributions were be 
unimodal and present in the 2-4 μm 
range, consistent with suspended dust 
being the major source 
• Pb and Mn distributions were 
trimodal with the smallest modes due 
to automotive emissions 
• A mode in the 0.5-1 μm size range 
concluded to result from the growth of 
particles and the largest mode (2-4 
μm) attributed to suspended dust 
• Significant amounts of Zn, Cu and 
Ni were present in particles less than 1 
μm in diameter, indicating 
anthropogenic sources 
Lyons et al., 1993 
4 sites at varying 
altitudes and 
distances from 
the major traffic 
route in a rural 
alpine region of 
Switzerland 
Mass size 
distributions 
• Pb, Cd, As and V were 
concentrated in the fraction on 
particles below 1 μm diameter 
• with the exception of Mn, all of 
the elements illustrated similarly 
shaped mass and element size 
distributions from site to site 
Galli et al., 1989 
Residential/ 
industrial site in 
Brisbane, 
Australia 
Mass size 
distributions 
• the composition of the < 1.3 μm 
aerosols was significantly different to 
that of the > 1.3 μm aerosols  
• mass concentrations of chemical 
components related to human activities 
were bimodal. 
• Soil and sea salt components 
contribute > 80% of the mass of 
particles > 2.7 μm 
• Vehicular exhaust components 
contribute almost all of the mass of 
particles < 0.61 μm 
Chan et al., 2000 
Rural residential 
region in north 
Italy 
Mass size 
distributions 
• elements originating from 
anthropogenic sources (eg. Pb, Br and 
V) showed the highest concentrations 
associated with the finest particles 
• Mg, Ti, Rb and Sc, showed a 
distribution trend with high 
concentrations in the larger particles 
Rizzio et al., 1999 
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Table 2a: Average elemental composition and standard deviation of the fine aerosol particles 
 
Element Fine particles 
  ng m-3 SD 
mass 7600 5400 
C 2560 2050 
H 280 240 
Na 190 250 
Al 40 80 
Si 87 150 
P 7.2 5.2 
S 400 210 
Cl 208 254 
K 81 154 
Ca 34 38 
Ti 6.9 11 
V 0.54 0.66 
Cr 0.63 0.78 
Fe 57 73 
Mn 2.4 2.7 
Co 0.39 0.57 
Ni 0.63 1 
Cu 5.3 8.2 
Zn 21 21 
Br 20 17 
Pb 66 46 
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Table 2b: Average elemental composition and standard deviation of the submicrometre 
aerosol particles collected on a campaign basis 
 
Element Submicrometre particles 
 ng m-3 SD 
Li 12 5 
Be 2.4 2.8 
B 14 12 
Ca 66 58 
Ti 26 31 
V 7.3 5 
Cr 2.1 0.98 
Fe 98 138 
Mn 4.4 3.8 
Co 0.85 1.2 
Ni 5.8 1.6 
Cu 17 10 
Zn 44 24 
Ga 5.5 4.8 
As 3.4 2.6 
Se 1.2 1.1 
Mo 1.2 1.4 
Cd 7.2 7.3 
Sb 22 31 
Ba 44 50 
La 2.7 2.2 
Ce 5.7 3.3 
Nd 2.7 2.6 
Eu 1.2 1.6 
Dy 1.0 1.3 
Ho 1.7 2.4 
Yb 0.81 1.2 
Tl 0.60 0.98 
Pb 142 92 
Bi 3.1 2.3 
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Table 3: Summary statistics for submicrometre and supermicrometre particles 
 
Characteristic Submicrometre particles Supermicrometre particles 
 Average SD Average SD 
NMD 
(μm) 
0.04 0.01 1.1 0.4 
Concentration 
(particles cm-3) 
10000 7900 3.0 2.5 
 
Table 4: Data for fine and very fine metal mass concentrations for Long Beach, CA. Adapted 
from Cahill et al. (1996) and presented with the results of this study 
 
Site : Long Beach elemental 
concentation 
(ng m-3) 
Brisbane elemental  
concentration 
(ng m-3) 
Element Particle diameter range (μm) 
 0.069-0.34 0.008-0.36 
Vanadium 8.6 7.3 
Nickel 5.7 5.8 
Zinc 73.9 44 
Selenium 0.32 1.2 
Lead 119 142 
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Figure 1: Number size distributions collected during a biomass-burning episode on 15/8/96, a prolonged haze 
period, 6/5/98 to 24/5/98; an easterly wind expected to carry marine aerosols, 15/10/95; and a southerly wind 
expected to carry vehicular combustion aerosols, 2/7/97 
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